Aims: To describe the aetiology, demography, surgical management, and outcome of a cohort of paediatric ptosis patients in a large tertiary referral oculoplastic centre. Methods: A case note review of all patients undergoing ptosis surgery below the age of 16 years in a tertiary referral oculoplastic unit documenting the laterality, aetiology, severity of ptosis, indications for and type of surgery undertaken, the proportion of good, suboptimal, and poor surgical outcomes, re-operations, and level of patient satisfaction. Results: 340 patients (82% (280/340) unilateral, 18% (60/340) bilateral ptosis) with myogenic (79%, 269/340), aponeurotic (5%, 16/340), neurogenic (11%, 37/340), mechanical (2%, 6/340), apparent (1%, 2/340), and syndrome related (3%, 10/340) ptosis underwent anterior (41%, 141/ 340) and posterior (26%, 90/340) levator resection, frontalis suspension with mersilene (9%, 29/340) and autogenous fascia lata (17%, 59/340), levator transposition (5%, 15/340) and other surgery (1%, 6/340) for visual (43%, 141/333) and cosmetic (57%, 189/333) indications. 77% (260/340) of patients achieved a good outcome, 10% (35/340) a suboptimal outcome, and 13% (45/340) a poor outcome requiring re-operation. There was no statistically significant difference in surgical outcome between patients with mild, moderate, or severe ptosis and with good, moderate, or poor levator function. The level of recorded patient satisfaction with the surgical outcome was 90% (206/229). Conclusions: Results suggest that most groups of paediatric ptosis patients, including those with poor levator function and severe ptosis, achieve satisfactory results with the appropriate ptosis surgery.
B
lepharoptosis has a significant impact on a patient's functional status 1 and may cause poor visual development in childhood. 2 Although previous studies have included paediatric patients in order to demonstrate the effectiveness of a given surgical technique, there is little information in the ophthalmic literature regarding the demography and aetiology of the children with ptosis who undergo surgery and the frequency of use of these different surgical techniques. This study focuses on a paediatric ptosis cohort undergoing surgery in a tertiary referral oculoplastic centre.
PATIENTS AND METHODS
The study was a retrospective interventional case series report. The following patients were included in the study: all the patients under the age of 16 years who underwent ptosis surgery under the care of one of the authors (JROC) in the oculoplastic service at Moorfields Eye Hospital for an 8 year period between 1990 and 1997 inclusive. We recorded demographic variables including the age of the patient at surgery, their sex, the laterality of the operated eye(s), presence of amblyopia, family history of ptosis, and previous ptosis surgery. The cause and severity of the ptosis was classified according to Freuh's 3 mechanistic classification and on Berke's histological findings respectively. 4 In unilateral cases, the amount of ptosis was calculated as the difference in mm between the heights of the palpebral apertures: mild ptosis was defined as 2 mm or less lower, moderate ptosis was defined as 2-4 mm, and severe ptosis was defined as 4 mm or more lower than the desired upper eyelid level; in bilateral cases the ptosis was classified as severe if the height of the palpebral fissures was less than or equal to 4 mm, as moderate if the palpebral apertures were between 4-6 mm, and mild if the palpebral apertures were 6 mm or more. Levator function was measured as the maximum lid excursion from maximal downgaze to upgaze, with frontalis function abolished. This was recorded as poor if less than 4 mm, as moderate if between 4-8 mm, and good if more than 8 mm. The indications for surgery were recorded as due to visual obstruction (where the visual axis was totally or partially obscured by the ptotic upper lid without the child adopting an abnormal head posture) or cosmetic where no visual impact was expected as a result of the ptosis surgery. The type of surgery performed was recorded. Outcome was defined as good if the lids were within 1 mm height with an acceptable skin crease and contour with no corneal exposure and as poor if re-operation was required. A further group was identified with a suboptimal outcome-where there was more than 1 mm difference in lid height, and/or an asymmetric skin crease, and/or contour but who did not undergo further re-operation either because they did not want further surgery or wanted to delay until the child was mature enough to make his/her own decision and possibly to have surgery under local anaesthesia. 5 Types of surgery All the patients underwent surgery under general anaesthesia. All patients were assessed preoperatively for corneal anaesthesia and Bell's phenomenon. The choice of ptosis operation depended on the severity of the ptosis and the levator function. Levator resection was the treatment of choice in our patients with mild to moderate ptosis with levator function of more than 4 mm. Where the ptosis was severe with moderate to poor levator function a Whitnall's sling 6 or a maximal levator resection 7 might be undertaken. The surgical approach could be through the intended skin crease (anterior approach) or conjunctiva 8 (posterior approach). The latter was favoured when there was a significant risk of overcorrection (in mild ptosis with good levator function) or exposure (in cases of deficient upgaze and poor Bell's phenomenon). In our experience the posterior approach offered a greater degree of control of lid height after surgery under general anaesthesia through selective timing of suture removal. 9 For patients with moderate to severe ptosis with poor levator function, we favoured a frontalis suspension procedure. Our preferred suspensory material was autogenous fascia lata using the Crawford 10 method. Where fascia lata was not available, we used mersilene mesh 11 utilising the Fox 12 method of frontalis suspension. In cases where bilateral frontalis suspension was undertaken for unilateral ptosis, the contralateral levator was divided to promote the use of the frontalis muscle for bilateral symmetry. Levator transposition surgery was performed on patients with unilateral ptosis with aberrant movements of the levator palpebrae superioris (LPS) complex and with good voluntary levator function that preferred not to have bilateral surgery. Our two staged technique of levator transposition and resection, described in a previous publication, 13 was based on the work by Lemagne et al 14 15 -a denervated levator transposed to the frontalis muscle in Cynomolgus monkeys would develop muscular neurotisation from the facial nerve. Stage I (levator transposition) abolished aberrant lid movements and stage II (levator resection) would be undertaken after 18 months if the lid remained low after levator neurotisation was completed. The epicanthic folds and telecanthus in blepharophimotic patients were usually corrected with a Mustardé double Z-plasty or Y-V plasty before ptosis correction was undertaken. 5 
RESULTS
There were 340 patients in the study with a median age of 5.5 (0.4-15.9 years). A total of 213 (63%) of the patients were males and this male preponderance was found across most of the aetiological groups. The ptosis was unilateral in 280 (82%) patients. Sixty six patients (18%) had had previous ptosis surgery, 64 (19%) had a family history of ptosis, and 85(26%) had an amblyopic ptotic eye. The median follow up was 8.7 (1.5-129) months; 198 patients (58%) patients completed a 6 month follow up (Table 1) .
Fifty seven per cent (189/333) of patients had cosmetic and 43% (141/333) had visual indications for ptosis surgery. The most common aetiology was myogenic (79%) with congenital levator myopathy contributing to over 90% of this group. Eighteen patients (5%) with blepharophimosis syndrome were also classified under the myogenic group. In the neurogenic group, patients with Marcus Gunn jaw-winking (8%, 26/340) were the largest subgroup, followed by those with oculomotor palsy. Other syndromes associated with ptosis included Noonan's, ocular fibrosis, fetal alcohol, Down's, Turner's, and XXX ( Table 2) .
The severity of the ptosis was recorded in 337 patients. Forty four (13%) patients had mild ptosis, 191 (57%) had moderate ptosis, and 102 (30%) had severe ptosis (Table 3 ). The levator function was recorded in 324 patients-122 (38%) patients had levator function of greater than 8 mm, 127 (39%) had moderate (4-8 mm), and 75 (23%) had poor (<4 mm) levator function (Fig 1) . Levator resection was the most common surgical procedure with 141 (41%) via the anterior approach and 90 (26%) via the posterior approach. Fifty nine (17%) patients had brow suspension with autogenous fascia lata, and 29 (9%) with mersilene mesh. Twenty four (32%) patients who had levator function less than 4 mm underwent levator resection compared to 49 (65%) who underwent brow suspension. Three of the seven patients who had superior rectus weakness underwent frontalis suspension surgery. Six of the 10 congenital third nerve palsy patients underwent frontalis suspension. Fourteen of the 27 Marcus Gunn jaw-wink (and one patient with acquired third nerve palsy) underwent the Lemagne levator transposition (13 proceeded to stage II anterior levator resection), five underwent frontalis suspension, and eight underwent levator resection (Fig 2, Tables 4 and 5 ).
Thirty two (9%) patients under the age of 3 years underwent ptosis surgery for visual obstruction. The predominant aetiology was myogenic (91%) with two patients with congenital third nerve palsy and one with mechanical ptosis secondary to neurofibromatosis. Twenty four (75%) underwent frontalis suspension with mersilene mesh and eight (25%) anterior levator resection. Seven patients (22%) required further surgery. In all, 260 (77%) patients (including 13 patients who required the Lemagne stage II surgery) obtained a good surgical outcome. Forty five (13%) patients had a poor outcome and underwent re-operations and a further 35 (10%) patients had a suboptimal surgical outcome Table 6 ). Of the patients undergoing re-operations, eight (18%) required re-operation within the first 6 months after surgery and this was due to overcorrection with poor lid closure. The most common reason for a suboptimal or poor outcome was persistently low upper lid (Table 7) . There was no statistically significant difference in the incidence of poor or suboptimal outcomes between patients who had previous surgery (27%) and those who had not (23% 
DISCUSSION
To our knowledge, this is the first study to describe the aetiology, demography, surgical management, and outcome of paediatric ptosis patients in a large tertiary referral oculoplastic centre. A survey of all ptosis surgery performed in all age groups in the hospital under the care of the senior author (JROC) over the study period showed that 44% (340/772, unpublished data) were in the paediatric age group.
Incidence of paediatric ptosis
Myogenic ptosis, especially isolated levator maldevelopment, was the most common aetiology, and formed the predominant group in patients requiring early surgery. The incidence of amblyopia (25%) and the numbers of patients with jaw-wink ptosis (8%) and blepharophimosis (5%) correlated with previous large published series of congenital ptosis from other oculoplastic centres. 2 16 17 Whereas these earlier studies demonstrated the effectiveness of a specific surgical technique of ptosis correction in both adults and children, this study focused on the diverse aetiology and surgical management of this paediatric patient population.
Timing and indications for paediatric ptosis surgery
Cosmesis was the predominant indication for surgery in this paediatric cohort, although in the very young (less than 3 years) the main indication for surgery was threat to visual development. Otherwise we generally deferred blepharoptosis Figure 1 Box and whisker plot of severity of ptosis and levator function. This graph is a visual representation of the levator function in each category of ptosis (mild, moderate, and severe) using the median, the upper (75th, the median of the upper half of the data) and lower (25th, the median of the lower half of the data) quartiles, and the extreme values (outliers). A box is drawn around the quartile value, and the whiskers extend from each quartile to the extreme data points (the maximum and minimum observation values). The line in the middle of the box is the median level of levator function for the ptosis group-the middle of the data when it is arranged in order from least to greatest. surgery in children until at least the age of 3 years when levator function could be accurately measured and fascia lata harvested if necessary. In our experience many parents preferred ptosis surgery to be undertaken before the child commenced primary school at around the age of 5 years.
Outcome of paediatric ptosis surgery
The goal of blepharoptosis surgery was once described as the "elusive perfect result." 18 Predictability of lid height in adult ptosis surgery could be enhanced by using local anaesthesia 19 or adjustable sutures, 20 but these options were often not available when operating in a paediatric cohort. As there were no published data regarding time taken to reach final lid height stability in patients with paediatric ptosis so a follow up of 6 weeks was chosen (based on results in adult patients with aponeurotic ptosis 21 ) as a stable end point. The overall incidence of poor surgical outcome of 13% in our cohort compared similarly to Beard's results (14%) for congenital ptosis. 16 Our outcomes with specific surgical techniques compared favourably with previous publications-the incidence of 15% poor outcome in anterior levator resection compared similarly to results published by Berke 17 (10%) and Putterman and Ulrist (17%). 22 The 5% incidence of poor outcome with autogenous fascia frontalis suspension was comparable to other studies 23 including Crawford's results (10%). 24 We used mersilene mesh as the non-autogenous frontalis suspensory material of choice as once the mersilene mesh was integrated, this might result in permanent ptosis correction (over two thirds of these patients did not proceed to further frontalis suspension surgery). We did not experience any problems with mersilene exposure or extrusion in this cohort. Our incidence of poor outcome with mersilene was not higher than other suspensory materials. 25 The surgical outcome in groups such as those with jaw-wink ptosis also compared favourably with previous publications. 13 26 27 The Lemagne procedure should be considered as a two stage procedure: 87% of our patients (compared to 44% 1 3 in an earlier study from our centre) required the stage II anterior levator resection but this should not be considered a poor outcome or complication. We used both objective and subjective (patient's/family's satisfaction) measurements to describe the surgical outcome and have shown no difference in patients with varying severity of ptosis and levator function. We strongly believed that the surgeon must not fit all ptosis patients to his/her favourite operation, and we have demonstrated here that with careful patient and surgery selection in historically difficult groups of patients (with severe ptosis and poor levator function) could achieve a satisfactory result. The majority (90%) of patients whose sentiments were recorded expressed satisfaction with the surgical outcome, although a comprehensive survey of patient satisfaction was limited by the nature of the retrospective study. In summary, appropriate ptosis surgery 
